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1. Introduction

 To  perceive necessary  visual  information for safe  driving

at night,  drivers of  cars  drive with  the headlights on.  Due to
technical  limitations, however,  the drivers cannot  perceive
all the necessary  yisual  information they  need.

 One of  the efficient ways  to improve the perceptual
situation  at night  is to install road  lighting along  the whole

stretch of roads,  continuously  
(').

 The  lighting to be installed

must  comply  with  perceptual requirements  to make  the

drivers able  to perceive necessary  visual  information in
time, to handle any  situation they might  face,

 To  provid such  conditions,  the CIE Recommendations for
                             (2)
Lighting ofRoads  for Motorized  Traffic                              as  well  as  the CIE

Recommendations  for Motor  and  Pedestrian Traffic 
{3},

 for

example,  specify  some  quaiity parameters concerning  visual

perception as  follows (other than parameters concerning

visual  comfort):
1) The  average  road  surface  luminance  (Lr)
2) The overall  uniformity  (Uo) of  the read  surface

    luminance
3) Admissible threshold  increment (TI) (glare resniction)

2. Problems  associated  with  the quality criteria  of

    road  lighting

 Various investigations have  reyealed  that perception
improves  as the  average  road  surface  1llminance (Lr)
increases (4) (S)(6}, as the overall  uniformity  (uo) increases 

(6)

cr),
 andXor  as  the threshold increment (TI) decreases 

(7}(8).

 This means  that, if an  ayerage  road  surface  luminance (Lr)
lower than that specified  in the CIE Recommendations is
combined  with  a higher uniformity  (Uo) , or a higher

average  road  surface  luminance (Lr) is combined  with  a

lower uniformity  (Uo), then  the road  lighting possibly

provide necessary  visual  conditions,  fbr safe  driving,

 The present CIE Recommendations e) (3), however, specify
each  quality criterion  independently and  separately,  This

means  that sometimes  one  criterion  has a  
"needless''

 high
value,  meaning  that the present CIE Recommendations

sometimes  result in an  excessive  quality for road  lighting as

far as the perceptual conditions  are concerned.

3. Perceptionandobjects

 On and  around  the road,  there are objects  ofavariety  of

apparent  sizes and  reflection  factors (precisely, the
luminance  factors). Some  of  the  objects  are  easy  to perceive
and  others  are difficult, even  under  the same  lighting
conditions,  For traffic safety, the road  lighting has to allow
the drivers to perceive as many  objects  relevant  to driving as
possible.
 In exarnining  perception of  objects  in road  lighting,
therefore, it is important to choose  an  appropriate  size  and  a

refiection  for the object.

3.1 Sizeoftheobject

3.1.1 Critical object

 As  is well  known, the larger the object  the easier  the

perception. This means,  in doing study  on  perception in road
lighting, in view  of  traffic safety, ernploying  an  object  which

is teo  big is not  appropriate.

 On the  other  hand, perception becomes more  difficult as

the  object  becomes smaller.  Possible risk  to traffic,

however, decreases. For this reason,  it is not necessary  in
studying  perception to use  an  object  which  is too smal1  to

cause  danger,
 This discussion leads to  the  conclusion  that  the  most

suitable  object  fbr studying  road  lighting is an  object  which

is difficult to perceive, i.e., the smallest  object  which  still is

dangerous to traffic (9}.

 For this reason,  a square  object  with  a height of20  cm  was

chosen.  The dimension is just comparable  to the distance
between the road  surface  and  the lowest part of the body
construction  of  normai  cars, Such an  object  is sometimes
called  a 

"critical

 object"  
(9),

3. 1. 2 Size of  the Critical object  and  practical objects

 Sometimes the size  of  the critical  object  mentioned  above

is criticized as being too  smal1  in comparison  with  most

objects  encountered  in normal  traffic and  consequently the

lighting requirements  will be too high.

 The  lighting requiTements  on  the basis of  a  critical  object,

however, cannot  be said  to be too high. This is because, in
most  of the cases  at night, large objects  are not  always  seen

against  uniform  and  large backgrounds,
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 Only ponions of  the large objects  standing  against  a  well-

lit background  are perceptible. Most backgrounds against
which  other  parts of  the 1arge ebject  are seen  are dark and
difficult to illuminate artificially.  These  include dark sky,

mountains,  bushes and  buildings far ahead,  Under such

conditions,  only  small  portions of  the large objects  in the
night  are  visible  against  a  bright background  artificially lit,
This means  that to see  a large ebject,  visual  conditiens  under

which  the criticat object  is perceptible are still necessary.

 In addition  to this, to judge the distance and  the size of a

large object  far ahead,  in the perspective of  the driver's field

ofview,  it is important to perceive the IQwer parts ofit, such
as the lower parts of  the rear  end  wheels,  contacting  the road

surface.

 For these reasons,  to perceive alarge  object  and  to judge
its distance, drivers still need  visual  conditions  under  which

the (small) critical object  is perceptible,

3.2 Reflection factors of  the critical  object

32.1 Silhouette Vision and  Reversed  Silhouette Vision

 To  perceive objects,  a  sufficient  luminance difference
between the object  and  the background  (AL) is necessary.
This means  that to make  the  object  perceptible, the

luminance of the object  must  be sufficiently  either  lower or

higher than that of  the backgrounds.

 As is well  known, if the object  is seen  to be darker than the
background, it is called  Silhouette Vision. This does not

imply, of course,  that the objects  are  seen  as black

silhouettes, The term Silhouette Vision means  that the

luminance of  the object  is lower than  that of  the

backgrounds.
 On  the other  hand, if the object  is seen  as  lighter than  the

background, it is called  Reversed  Silhouette Vision.

 Since the headlights illuminates objects  alrnost only  in the
horizontal directions, this system  makes  vertical  parts of  the

objects  brighter than the horizontal road  surface  far ahead
against  which  the objects  are seen, and  provides the

Reversed  Silhouette Vision. For this reason.  with  the

headlighting systems,  objects  with  high reflection  factors are

easily visible but not  those with  low reflection  factors.

 Road  lighting, on  the contrary,  illuminates the road  surface

almost  only  in the yertical direction. Under  such  lighting
conditions,  the horizontal road  surface  is brighter than the
vertical  parts of the objects, depending, of  course,  on  the

reflection  factor of  the objects,  Because of this, with  the road

lighting systems  which  provides the Silhouette Vision,

objects  with  low  reflection  factors are easily perceptible,

  Applying the curve  in Figure 1, waldram  
(ii),

 and  Harris
(i2),

 and  van  Bommel  
O)

 have examined  the probability of  the

existence  of  different reflection  factors in pedestrian's
clothing  in relation  to road  lighting. Waldram  called  the

probability as  the Revea!ing Power  of  the road  lighting (ii),
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3.2.2  RevealingPower

       (10)
          studied  the cumulative  prebability of  the Smithexistence

 of  the reflection  factor of  pedestrians'clothing in

the night  as in Figure 1.

 1OOA8Ys89it-

9so8

     O 20 40
                      Reflection factors (%)
   Fig. 1 Cumulative probability of the existence  ot the

          reflection factor of the pedestrians' clothing

          (Revealing Power  forthe Silhouette Vision)

 Similar studies  as  to the cumulative  probabilities of the

existence  of  different reflection  factors in pedesnian's
clothing  have later been cenducted  by others.  Van Bommel
(7),

 and  serizawa and  others  
(i3},

 for example,  haye  found
similar  results.

32.3Refiection factor of  the critica]  object  and  the

    ReyealingPower

 Figure 1 shows  the cumulative  probability ofthe  existence

from  the lower refierction  factors and  shows  the Revealing
Power for the Silhouette Vision, Under ccrtain road  lighting
conditions,  if a critical object  with  a  reflection  factor of
20%,  as  an  example,  is just perceptible in the Silhouette
Visien, then objects  darker than  the reflection  factor of  20%
are all perceptible unless  they are too small. (Besides these,
some  objects  are seen  in the Reversed  silhouette vision {i2). )
 From Figure 1, we  see that the  Revealing Power  of  the

road  lighting is about  90%  or  more  (if the  Revealing PoweT
for the objects  with  higher refiection  factors seen  in the

Reversed Silhouette Vision is taken into account).

  Figure 2 shows  the curve  re-drawn,  based on  the Smith's
study,  to illustrate the  cumulative  probability of  the

existence  of  the reflection  factor from  higher refiection

factors. This curve  gives the Revealing Power  for the

Reversed  Silhouette Vision,
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   Fig,2 Cumulative probability of the exlstence  of the

          refleetion factor of the pedestrians'clothing
          (Revealing Power  for the Reversed  Silhouette

          Vision>

 If with  another  lighting situation  (for example

headlighting) the critical  object  of  20%  is just perceptible in

the Reversed Silhouette Vision, then only  objects  higher

than a reflection  factor ef  20%  are  perceptible, Ftom  Figure

2, we  learn that the Revealing Power  of  the !ighting is then
only  about  10%  (very low indeed).
 To  provide a  Revealing Power of 80%, fbr example,  for

such  a lighting system  in the Reversed  Silhouette Vision, the

critical object  should  have  a reflection  factor of  about  only

2%  (dark black) and  it must  be perceived as  being brighter
than the road  surface  ahead.

3. 3 Visibility level and  the Revealing Power

 Recently, the so cailed  Visibility Level of  a  critical  object

has been proposed as a quality criterion  of  the road  lighting

installation 
es)

 
(i4).

 The  Visibility Level (VL) is defined as the ratio  between

the physical luminance  difference (AL) of  the object  in

question against  its background and  the psychological
luminance difference thereshold (ALmin) of  the observer's

eyes:

  VL=  (AL)1 (ALmin)

  It was  shown  in the above  discussion that the Revealing
Power  of  different lighting installations under  which  a

critical  object  with  an  identical refiection  factor of20%,  fbr

example,  is just perceptible is quite diffbrent, depends on  the

way  the object  is viewed,  namely,  in the Silhouette Vision or

the  Reversed Silhouette Vision.

7

 This means  that, even  if an  obiect  which  reflection  factor

is arbitrarily  chosen  is perceptible with  a high Visibility
Level under  certain  lighting conditions,  this by no  means

automatically  implies that all other  objects  are  perceptible
with  a high Revealing  Power  as well,  unless  a reflection

factor is chosen  to represent  a  high Revealing Power either

for the  Silhouette Vision or the  Reversed Silhouette Vision,

respectively.

 It must  be emphasized  here that the perception of  an  object

under  a  road  lighting installation should  not  be confused

with  the perceptibility of the road  lighting installation.

4. Expectationanddetection

4.1 SpatialdistributionofvisuJal acnity

 As is weli  known, the neural  structure  of  the retina  is not
unifOrm  but has a  concentric  construction,  As  shown  in

Figure 3, the part of  the field of vision  of  human eyes  where

fine details of  the  object  are  perceptible, i. e.  , where  the

visual  acuity  is high is only  the central  part (of fbvea) around
the line of  sight  with  an  angular  radius  of  only  one  or two

degrees 
(iS),

b-5oastsJ.Q>O,

Angle in degrees

   Fig.3 Visual acuity  as  a  functlon of the angle  from the

          Iine of sight

 This means  that the central part of  the filed of  view  takes

an  aerial extent  ofonly  iess than O. 04%  of  the whole  field of
view  with  an  angular  radius  of  about  1OO degrees.

 On  the basis of  the angular  distribution of  visual acuity

shown  in Figure 3, a  driver's field of  view  is imitated and

shown  in Figure 4. The  figure illustrates how  the central

field where  high visual  acuity  
'is

 small, in comparison  with

the highly blurred peripheral parts of the field of  view.
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   Fig. 4 lmitated driver's tield of view

42  Eyemovementsanddetection

 To make  the critical object  perceptible,
1)

2)

 Forfulfi11ed

 (the luminance di fference between the object  and  its

background is 1arger than  the luminance difference threshold

of  the observer's  eyes),  ebjects  in the  field of  view  are not

always  detected.

 Object which  luminance  difference against  its background

is equal  or larger than the luminance  threshold  is detectable
only  when  the observer's  line of  sight  is directed around  the

objects.

 Detection of  an  object  in the field of  view,  therefore,  is

strongtyinfluencedbyunconsciousorconsciousmovements

of  the  observer's  eyes.  The eyes  movements  change  the

direction of  the line of  sight  concerning  the  object  according

to psychological situations  of  the observer,  such  as,  the will

to or  the  necessity  to find the  object,  etc. The eye  mevements

are  sometimes  activated  by the information detected in the

peripheral field of  view,  if it has a sufficient  luminance

difference for the  peripheral background against  which  the

information is seen.

  The central  field of  the eyes  which  aerial  extent  is only
about  O. 04%  of  the whole  field of  view  needs  at least O.1

seconds  to perceive details of  a  point to which  the line of

sight  is fixed Ci6},

  Furusho  et  al., have  conducted  experimental  inyestigations

conceming  eye  moyements  of  the lookout on  board various

vessels  cruising  at normal  speeds  (between 22 and  28 kmlh)

and  a very  high speed  (about 83 kmlh) 
(i')

 
('S).

 The  eye

movements  have been recorded  with  the  so caLled  eye-

pointer fixed on  the lookouts' head which  orientation  was

fixed to the vessels.

The  line of  sight  of  the driver must  be directed around

the object,

The  luminance  difference (AL) between the  critical

object  and  the direct background must  be higher than

the luminance difference threshold (ALmin) of  the

dTiver'seyes,

 this reason,  even  if the  perceptual conditions  are
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 They  compared  the speed  of  eye  movements  and  the

duration during which  the lookouts fix their visual  attention

at a point in their field of  view  between  daytime  and

nighttime,  and  between little trafflc and  heavy traff/ic.

 For the- very  high speed  vessel  (Jet-foil) cruising  at a  speed

of  about  83km/h on  a wide  sea  with  little water  traffic, for

example,  the speed  of  eye  movements  in daytime  was  high

(about 50 degrees per second)  whereas  in nighttime  it was
slow  (about 15 degrees per second),  and  the duration at

nighttime  increased from  about  O.07 seconds  in daytime to

about  O.11 seconds  
{i7).

 For this reason,  if one  want  to perceive all the details in a

part of  the field of  view  which  spatial extent  covers  roughly

the whole  field of  view  at night,  he needs  much  longer time

than that in daytime.

 Even with  rapid  eye  movernents,  theTefOre,  drivers cannot

perceive all the details of  the rapidly  changing  field of  view

while  driving.

  Consequently,

a)  When  the driyer knew  in advance  the location where

    the object  to be perceived existed.  then the object  is

    detected most  easily, since  the driver-s line of  sight  is

    directed quite near  to the object

b) When  the driver is expecting  that an  object  will be

    somewheTe  in a part of  the field of  view,  then  the

    detection is fairly easy,  Since the driver, by  scanning

    rapidly  and  consciously  his line of sight over  the part of

    the field of  view  where  the object  is expected  to exist,

    will  easily  find the object,

c)When  the driver does not  expect  any  object  to be

present, then  detection is most  difficult or  takes  a long

time. Since the  driver's line of sight  is directed

randomly  in the field of  view  and  no  conscious  effdrts

to find an  object  will  be made  unless  the  driveT feels
danger  or object  seen  in the peripheral pert of  the  field
of  view  attracts the driver's visual  attention.

4.3 FietdFactorforheadlighting

 Roper  and  Howard(i9) have  carried  out  an  experimental

investigation concerning  the effects  of  expectation  on

detection distance under  head  lighting conditions,  They
employed  46 observers  driving cars  and  cempared  the

distance at which  the obiect  was  detected against  the dark

background when  the obseryers  expected  the object  and

when  they  did not  expect  it.

  Asaresult, as shown  in the Figure 5, they have found that

the detection distance when  the observers  did not  expect  the

object  was  considerably  shorter  than that when  expected.  In
other  words,  about  50%  of  the observers  could  not  detect the
object  until they came  to a  point at  a  distance to the object  of

about  SO%  of that when  they expected.

  Such a  difference in the  detection distance (ifthe influence

of  the variations  in the apparent  size  of  the object  dlle to

changes  in the detection distance can  be ignored)

corresponds  to the difference in the illuminance oT  the

luminance  of  the object  detected.
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   Fig.5 Relationship between the detection distance
          and  the percentages of  the observers  (Roper
          and  Howard>

 Since the object  was  detected against  a  dark background,
the  luminance  also  corresponded  te the  luminance  difference

threshold  (ALmin).
 The  result  of  Roper  and  Howard  shown  in Figure 5 have
been re-drawn  as shown  in Figure  6, It shows  the

cumulative  percentage of  drivers who  detected the  object

against  the dark background and  the  ratio  of  the luminance

of  the object  (Lue/Lex) just detected when  the observers

were  not  expecting  (Lue) and  the luminance when  they  are

expecting  it (Lex). The  luminance ratio  is cailed  here the Field

Factor aO).

 As  in Figure 6, to enable  50%  of  the drivers able  te detect
the unexpected  critical object, its luminar}ce had to be
increased to about  4 times  that of  the  expected  objects.

Similarly, to enable  80%  of  the  observers  to make  a

detection, a  luminance  of  about  6 times  of  the  luminance  of

the expected  object  is necessary.

4.4 FieldFactorinReadandTunnellighting

 The  results  obtained  by Roper and  Howard have also  been

used  for road  lighting (2'] and  tunnel lighting 
eO)

 by a number
of  investigators, The perceptual condition  in these types of
lighting. however. is not  the same  as  for headlighting.

 Under headlighting conditions,  the  driver's field of  view is
dark and  he may  detect some  objects  if they are illuminated
sufficiently. When  nothing  is visible to them  in dark areas,
however, they cannotjudge  with  confidence  whether  objects

existing  are difficult to perceive or no  object  is there.
 For this reason,  the driver's visual  attention  scatters

randomly  over  a  wide  range  of dark areas  in his field of
view,  This makes  it difficult to detect any  objects  existing  in
the dark areas  unless  the driver's line of  sight is directed
incidentally to the  objects.

9

10'{l'
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Fig.6

           50 1OO
Drivers who  detected object  (%)
Relationship between the Muminance or the
luminance of  the object perceived, and  the

percentages of the observers  (Roper and

Howard-Narisada>

 On  the other  hand, when  road  lighting is installed and  the

road  surface  in the driver's fieid of  view  where  important
objects  may  appear  is lit fairly uniformly,  observers  can

judge rather easily  where  there  are  no  objects  or  no  danger.

 Consequently, the driver can  concentrate  his visual

attention  to the places where  some  danger may  be or places
where  perception is felt te be difficult, Such eye  movements

will  make  the Field Factor srnaller  than  that in the
headlightingsystem.

 Also, wheh  a driver is approaching  the entrance  of  a tunnel

in daytime, the driver can  judge that there is no  danger on  or

around  the access  road  brightly lit by daylight, Then, the
driver can  concentrate  his visual attention  into the dark
tunnel  

(i6)
 which  spatial  extent  in the  field of  view  is smal1,

just a few degrees in angle.  This will  make  the Field Factor

smaller  than that in the road  lighting.

 On  the basis of  the discussion above,  it may  be expected
that the Field Factor is diffbrent depending  on  the  luminance
composition  in the field of view  that require  different eye

movements  for the drivers,

 For this reason,  if one  intends to use  the results obtained  by
Roper and  Howard foT other  fields of lighting, carefu1

consideration  is always  necessary,  At this moment,

unfOrtunately,  there is no  widely  known and  published
investigation concerning  the Field Factor for these fields of
lighting.
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Fig. 7Driver's  field of view  under  road  lighting
conditions

Fig. 8Drlver's  field of view  approaching  the entrance

ot a  tunnel in daytime

5. Road  lighting and  tuminance  difference threshold

5. 1 Equivalent Veiting Luminance  (Leq)

 lncident lights from glare sources  scatter in the  ocular

media  in the observer's  eyes  and  cause  a veiling.  The veiling

superimposes  over  the field of  view  and  consequently.

according  to its luminance, increases the luminance

difference threshold (ALmin),
 The luminance of  a  physical veiling  between  the object  to

be perceived and  the observer's  eyes  which  pToducesjust  the

same  increase in the Luminance  difference threshold

(ALmin) as caused  by  the glade source  is called  as the
                                            (22)
Equivalent Veiling Luminance  (Leq) foT the glare source
{]3)C24)

 Holladay  
(22)

 derived, the following fbrmula to calculate

the Equiyalent Veiling Luminance  (Leq) in relation  to the

vertical  illuminance (Ev) on  the  cornea  of  the observer's

eyes  in lx and  the angular  displacement  (e)of the  point glare
source  as  to his or  her line of  sight  in degrees. The value  9.2

ls a constant.
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          o

  Leq  (cdlmU)=9. 2Evle2

 crawford  
(23)

 has found that the Equiyalent Veiling

Luminance  (Leq) caused  by  a number  of  glare sources  is

equal  to the sum  of  the individual Equivalent Veiling

Luminance  (Leq) caused  by each  glare source.

 Moon  and  Spencer  
(2S}

 extended  the formula  derived by
CrawfOrd  into an  integral form  applicable  to the large sized
sources.  Applying  the integral formula, they have found that
the amount  of  the Equivalent Veiling Luminance (Leq)
caused  by  a  large uniform  field whose  spatial extant

occupies  all the field of  yiew  is abeut  7%  ofthe  1uminance of

the uniform  field (2S), This is important to know  for tunnel
lighting.

 Fry and  others  
(26)

 have developed an  optical  lens that
integrates all the Equivalent Veiling Luminance (Leq)
caused  by al1 componential  bright areas  and  glare sources  in
the measuring  field. The  lens, applied  on  a  normai

luminance meter,  enables  one  to measure  the Equivalent

Veiling Luminance (Leq) at any  non-uniform  field.

 The same  can  now  be done  with  CCD  cameras  well  
(27).

52  EquiyalentVeilingLuminanceandperception

 As previollsly stated, the Equivalent Veiling Luminance

(Leq) superimposes  over  the field of  view  unifbrmly  and

increases the  Luminances in the field of view.  Consequently,
the adaptation  luminance of the retina,  including fovea,
'lncreases.

 Accordingly, the sensitivity  of  fovea decreases and  the

luminance difference threshold (ALmin) increases. This is
the physiological effect  of  the Equiyalent Veiling

Luminance  (Leq) on  perception 
(2S),

 On  the other  hand, the Equivalent Veiling Luminance

(Leq) superimposed  increases the  luminances  in al1 parts in
the field of  view,  while  keeping  all the luminance

differences (IY.) among  every  part in the field of  view

unchanged.  As  a result,  the  luminance contrast  of  the  object

to be perceived against  the background decreases and

perception deteriorates. This is the physical effect  of  the

Equivalent Veiling Luminance  (heq) on  perception 
(ZS].

 The  Equivalent Veiling Luminance  (Leq) is caused  not

only  by the glare sources  but also  by the bright surfaces

around  the object  
(25).

 This is the cause  of  the deterioration in

peTception of  small  objects  against  darker parts of  the road

surface  when  the overall  uniformity  (Uo) is Iow: (the
brighter areas  act as glare souTces).

  This means  that the deterioration in perception due to the

overall  uniformity  (Uo) as well  as the glare on  perception is
caused  by  the Equivalent Veiling Luminance  as  well.

NII-Electronic  



The Illuminating Engineering Institute of Japan

NII-Electronic Library Service

The  IlluminatingEngineering  Institute  of  Japan

,L Light &  Vis. Env. Vbt,i9, No2,  i9os

5.3 LuminancedifferencethresholdandLuminances

 To perceive an  object, the difference in the luminance

(AL) between the object  and  the direct backgrollnd must  be
1arger than the luminance difference threshold (ALmin) of

the observer's  eyes,

 The  luminarice difference threshold (ALmin) of the

observer's  eyes  looking at the critical object  whose  size is
20cm  is determined by:

a)b)c)d)

e)D

Duration of  object  presentation (t)
Distance to the critical obiect  (d)
Luminance of  the  background (Lb)
Equivalent Veiling Luminance  caused  by the

field of  view  (Leq)
Foveal adaptatien  luminance (LD
Field Factor (FF).

 Iuminances  Lb  and  Leq  are  physical

whole

 The  stimuli  at the
moment  when the observer  is looking at the critical object,
The  foveal adaptation  is a  physiochemical process in the
retinal  elements  and  requires  some  time  make  changes  

(29)
 
{30).

For this reason,  the foveal adaptation  cannot  follow the rapid

changes  of the lurninance projected onto  the fovea. The
luminance to which  the sensitivity of  the foveal is adapted  is
a  kind of  time average  of  changing  luminances projected
onto  the  fovea during the past minutes.  This luminance  is

called  the fbveal adaptatien  luminance (LD.

6. Experimentsontheluminancedifferencethreshold

                 as)el)
 Narisada and  Yoshimura                     have carried out experiments

concerning  the relationships between the luminance
difference threshold (ALmin), and  the Equivalent Veiling
Luminace  (Leq) and  the  foveal adaptation  luminance  (LD,
respectively,

6.1 Experimenta[setup

 Figure 9 shows  a  schematic  construction  of  the

experimenta1  set  up  used.

 A  square  object  (Qj) with  an  angular  size of  10 minutes

was  observed  against  a circular  background (B) with  an

angular  size of1.3  degrees,

 Between the observer  (Ob) and  the object  (Qj) presented
against  the  backgTound  (B), a  half mirror  (HM) was  placed,
Thye  object  (Clj) was  presented for 118 seconds,  The  half

mirror  (HM) reflected  the  image  of  a  bright luminous  panel
(P) in a  circular  shape  with  an  angular  diameter of  3 degTees

to the observer  (Ob) and  produced a veiling  luminance

between the observer  (Ob) and  the object  (Clj), The luminous

panel provided in the light box (LB1) was  illuminated from
behind by means  of  tubular fluorescent lamps fed through
dimmers.

 The reason  the angular  size  for the background (B) and  the

veiling  chosen  was  small  was  to eliminate  possible influence
of  the Equivalent Veiling Luminance (Leq) caused  by the

surrounding  parts of  these bright surfaces.
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   Fig,9 Schematicconstructionoftheexperimenta[set
         up

 The  observer  viewed  the  object  (Clj) against  the
background (B) (Luminance:Lb) through the veiling

(Luminance:Lv) or without  the veiling, according  to the

experimental  procedures, To avoid  possible influences of
the background luminance (Lb) on  the luminance difference
threshold (ALmin), a  much  lower luminance than the
luminance of  the veiling  (Lv) was  provided on  the

background  (B),

62  Observationprocedures

 Applying the experimental  set up, as mentioned  already

and  shown  in Figure 9, two series of  observations  were

carried  out.

 One male  observer  aged  28 participated in the
observations,  He repeated  the observations  10 times for one
given experimental  condition  at 10 second  intervals. In

Figure 1 O, difference in the field of view  in the two  series  of

observations  are  shown,

 Befbre  the observations,  after complete  dark adaptation,
the observer's  eyes  werc  pre-adapted to the luminance of  the

veiling  (Lv) (the right  side of  the figure9.

 In the  first series,  the  object  was  observed  through the
yeiling  (Lv) to the luminance of  which  the observer's  eyes

ware  pre-adapted. In the second  series, just before the
moment  when  the object  was  presented, the veiling

disappeared and  just after the disappearance of  the object  the

veiling  appeared again.  The object, therefore, was  viewed

withoutveiling,

 The  time during which  the veiling  disappeared was

determined to eliminate  possible masking  effects(28)  
(3t)

 due
to disappearance and  reappearance  of  the veiling

superimposed,
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   Hg.12  Relationshipbetweentheiuminancedifference

          threshold  and  the  foveal adaptation  Iuminance

          (Curve B), and  the ve"ing  luminance (Curve C}

Curve B, the variation  in the  corresponding  luminance
difference threshold (ALmin)due to changes  in the foveai
adaptation  luminance  (LD is relatively  smal1,  For this

reason,  the influence of  the  accuracy  in the  assumed  value  of

the fbveal adaptation  luminance (LD upon  the luminance
diffbrence threshold  (ALmin) is negligible.
 The horizontal axis of  Figure 12, corresponding  to Curve
C  (liner line C) in the experiments,  is the  luminance  of  the

veiling  (Lv) through  which  the object  was  observed.  Under
actual lighting conditions,  however, the driver's fovea does
not  distinguish between  the  stimuli  of  the  luminance of  the

background (Lb) and  that of  the veiling  (Lv) superimposed
over  the field of  view.

 This means  that the veiling  luminance  (Lv) in the

experiments  corresponds  to two  luminances in practice, One
is the background luminance (Lb) and  the other  is the

Equivalent Veiling Luminance (Leq) caused  by the

luminances in the peripheral parts of  visual  field, including

glare sources,
 For this reason,  the  horizontal axis of  Figure 12, fbr

practical applications,  is taken to be the surn  of the

background  luminance  (Lb) and  then Equivalent Veiling
Luminance  (Leq),
 The luminance difference threshold (ALmin) for any

complex  field under  road  lighting can  be derived by adding
up  the luminance  difference thTesholds (ALmin), one

corresponding  to the fbveal adaptation  luminance, (LD and
another  the sum  of  the Equivalent Veiling Luminance (Leq)
and  the background luminance (Lb) against  which  the

critical  object  is seen.

 To  simplify  the matter,  on  the basis of Figure 12, the
curves  in Figure 13 were  drawn.

   Fig.13 Retationshipbetweentheluminanced[fference
          threshold and,  the sum  of the background

          luminance and  Equivalent Veiling Luminance

 The curves  in the figure give the luminance difference
threshold (ALmin) for the sum  (=Lb+Leq) of the

background luminance (Lb) and  the Equivalent Veiling
Luminance (Leq) superimposed,  The average  road  surface

luminance  (Lr) is taken as  a  parameter.
 By using  one  of  the curves,  for its respective  foveal
adaptation  luminance (LfaLr), the luminance difference
threshold (tY.imin) can  be derived by measuring  or

calculating  the background luminance  (Lb) and  the

Equivalent Veiling Luminance  (Leq) for any  complex

luminance  fields.

 As  the  causes  of  the  Equivalent Veiling Luminance  (Leq),
the road  sarface  around  the object  brightly lit, the road

lighting luminaires, the  oncoming  headlights, various

luminaires inside and  outside  the adjacent  buildings other
than road  lighting advertizing  signs, etc, , can  be considered
totally or  independently.

 In this respect,  it must  be pointed out  here that the

percentage increment (TI) of  the luminance difference
threshold (ALmin) as specified  in the CIE
Recommendations  

(2>
 
(3)
 is not  an  appropriate  measure  to

express  influences of  glare caused  by luminaires in the road
lighting installations.

 First, the Equivalent Veiling Luminance (Leq) caused  by
the road  lighting installation is relatively  small  portion
among  whole  amount  of  the Equivalent Veiling Luminance

(Leq
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